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1. Structural and morphology characterization
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Fig. S2 GPC traces of PBIPYTy;.
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Fig. S3 GPC traces of PBIPYTy.
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Fig. S4 TGA curves of PBIPYTy, PBIPYTy and PBIPYTy.
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Fig. S5 UV-vis absorption and fluorescence spectra of PBIPYTy, PBIPYTy; and PBIPYTy in CH,Cl,.
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Fig. S6 UV-vis absorption and fluorescence spectra of PBIPYTy, PBIPYTy; and PBIPYTy in hexane.
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Fig. S7 UV-vis absorption and fluorescence spectra of PBIPYTy, PBIPYTy and PBIPYTy in THF.
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Fig. S8 Room temperature current (I)-voltage (V) curves of PBIPYTy, PBIPYTy and PBIPYT].
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Fig. S9 X-ray diffraction patterns of PBIPYT/rGO, PBIPYTy/rGO, PBIPYTyx/rGO and rGO.
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Fig. S10 TEM images of PBIPYT/rGO and PBIPYTy;/rGO and the corresponding EDS mapping for S and N
elements.

Fig S11 SEM image of PBIPYTy/rGO, PBIPYTy/rGO and PBIPYT;/rGO and the corresponding EDS mapping
for S and N elements.
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2. Electrochemical ORR performance
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Fig. S12 LSV curves of PBIPYTy/rGO at various rotation speeds.
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Fig. S13 LSV curves of PBIPYT)/rGO at various rotation speeds.
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Fig. S14 LSV curves of PBIPYT|/rGO at various rotation speeds.
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Fig. S15 LSV curves of PBIPYTg/rGO and Pt/C in O,-saturated in 0.1 M aq KOH at 1600 rpm.
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Fig. S16 The onset and half-wave potential distributions of reported metal-free polymer-based catalysts
and PBIPYTy/rGO (this work).[!-8]
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Fig. S17 The RRDE polarization curve of PBIPYTy/rGO, PBIPYTy/rGO and PBIPYT/rGO.
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Fig. S18 CVs of PBIPYTy/rGO in 0.1 M KOH solution at different scan rates (10, 20, 40, 60, 80, and 100 mV s).
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Fig. S19 CVs of PBIPYTy/rGO in 0.1 M KOH solution at different scan rates (10, 20, 40, 60, 80, and 100 mV s').
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Fig. S20 CVs of PBIPYT}/rGO in 0.1 M KOH solution at different scan rates (10, 20, 40, 60, 80, and 100 mV s!).
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Fig. S21 Discharge polarization curve and corresponding power density plot of PBIPYTy/rGO, PBIPYTy/rGO
and PBIPYT/rGO
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Fig. S22 Discharge curves of PBIPYTy/rGO-, PBIPYT)y/rGO- and PBIPYT/rGO-based ZABs at different
current densities (25, 50, 100, 200 mA cm™2).
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Fig. S23 Galvanostatic discharge curve of PBIPYTy/rGO-, PBIPYTy/rGO- and PBIPYT/rGO-based ZABs (6.0
M KOH electrolyte).
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3. DFT calculations
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Fig. S24 The optimized model structure of PBIPYT-8. Kohn—Sham molecular orbitals of the model compound of

PBIPYT-8 (B3LYP/6-31G*).’l The electrostatic potential surface maps and dipole moment for PBIPYT-8.
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4. NMR spectra
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Fig. S25 'H NMR spectrum of a2.
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Fig. S26 'H NMR spectrum of PBIPYTy.
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Fig. S27 '"H NMR spectrum of PBIPYTy,.
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Fig. S28 '"H NMR spectrum of PBIPYTy.
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